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^= (54) Title: MINFRAL FIBRti PRODUCTS 



(57) Abstract: The invention provides a method of making a mineral li)»rc bull comprising shell-core fibres arid other fibres, the 
— method comprising fiberising a melt to form a cloud of said other fibres, collecting said other fibres as a web by air-laying and 
== forming the web into abatt, wherein the shell-core fibres are formed of a silicate network and comprise silicon, calcium, magnesium, 

iron, aluminium, oxygen and optionally alkali metal atoms and have an analysis expressed as percent by weight oxides including at 
^= least 3% FeO and 0 to 8% alkali metal oxide and at least 5% MgO, and in the shell-core fibres at least 70% of the iron is ferric and the 
^= fillies have a core surrounded by ;rn ouler sin luce layer less than I micron I hick in which the peak concent nit ion of magnesium atoms 
is at least 1.5 times the concentration of magnesium atoms in the total fibre, characterised in that the method comprises including 

the shell-core fibres in the batt by mixing the shell-core fibres with the other fibres after formation of the other fibres but before 
^ completion of formation of the batt from the web. 
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Mineral Fibre Products 

We have described in WO 2004/110945 a mineral fibre 
product comprising fibres formed of a silicate network and 
5 comprising silicon, calcium, magnesium, iron, aluminium, 
oxygen and optionally alkali metal atoms characterised in 
that the fibres have an analysis (expressed as % by weight 
oxides) including at least 3% FeO and 0 to 8% alkali metal 
oxide and at least 5% MgO, at least 70% of the iron is 

10 ferric and the fibres have a core surrounded by an outer 
surface layer less than 1/im thick in which the peak 
concentration of magnesium atoms is at least 1.5 times the 
concentration of magnesium atoms in the total fibre. 

We also describe in that application a method of 

15 treating mineral fibres formed of a silicate network to 
improve their high temperature properties wherein the 
fibres comprise silicon, calcium, magnesium, iron, 
aluminium, oxygen and optionally alkali metal atoms, 
characterised in that the fibres have an analysis 

20 (expressed by weight oxides) including iron in an amount of 
at least 3% measured as FeO and in which there is at least 
2% iron (measured as FeO) present as ferrous iron, 0 to 8% 
alkali metal oxide and at least 5% MgO, and the method 
comprises exposing the fibres containing at least 2% by 

25 weight ferrous iron under oxidising conditions to a 
controlled increased temperature which is above the 
temperature at which oxidation of the iron in the fibres 
occurs but which is below the temperature at which 
substantial network crystallisation occurs and thereby 

30 oxidising the ferrous iron to provide fibres in which at 
least 70% of the total iron is ferric. 

In a typical example, a mineral charge is melted in a 
cupola furnace to form a mineral melt which is then 
fiberised by a centrifugal cascade spinner to form fibres 

35 which are collected as a primary web. This is then cross 
lapped in conventional manner and consolidated to make a 
batt containing 0.5% oil and organic binder. The binder 
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serves primarily as a lubricant and dust suppressant in 
this process. 

The analysis of the fibres (by weight of oxides) is 
Si0 2 43.5%, A1 2 0 3 19.0%, Ti0 2 1.1%, FeO 6.0%, CaO 20.3%, MgO 
5 6.6%, Na 2 0 2.4%, K 2 0 0.3%, P 2 O s 0.2% and MnO 0.5%. 

The batt contains 31.6% shot particles having a 
diameter above 63/im and it has a median fibre diameter of 
4.2/xm, with 16% below 2/mi and 84% below 7.2/zm. The batt is 
needled in conventional manner. The binder and oil are 
10 burnt off in an oven. 

The resultant conventional batt is labelled batt X. 
In one test, batt X is then passed through a gas blown 
oven in which the temperature to which the fibres in the 
batt are subjected is controlled at a value of between 600 
15 and 800°C for between 2 and 90 minutes. For this 
particular fibre, Tg (glass transition temperature) is 
680°C and Tc (crystallisation temperature) is 870°C, both 
determined by DSC. 

The atmosphere in the oven is air and the temperature 
20 to which the batt is subjected in the oven is raised from 
620°C to about 800°C at a rate of 10°C per minute. 

SNMS (Secondary Neutral Mass Spectroscopy) analysis 
shows that the final product has an analysis for all 
elements which is substantially uniform up to the outer 
25 0.5jum layer. Between 0.5 and 0.1/xm there is a gradual 
increase in the concentrations of magnesium and calcium and 
a decrease in the concentration of most other elements, and 
in the outermost 0.1/xm the concentration of calcium and 
magnesium is significantly increased with a corresponding 
30 reduction in the concentration of the other elements. 

Monitoring the colour and the weight of the batt as 
the temperature increases shows that the colour remains 
unchanged and the weight -decreases as the temperature rises 
to around 550°C (indicating combustion or volatilisation of 
35 organics) . From around 600°C there is a gradual increase 
in weight until, at around 870°C, the increase in weight is 
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around 0.6%. Complete oxidation of 6% ferrous to 6% ferric 
ion would correspond to a weight increase of 0.67%. 

When the treated batt is exposed to a temperature of 
1050°C under conditions simulating those in a fire door 
5 (i.e., a closed environment) it is brittle but does not 
significantly shrink and so has maintained its effective 
fire protection properties. However, when the untreated 
batt is subjected to the same conditions, it shrinks 
significantly. 

10 In another set of tests starting with untreated 

product which is the same as batt X, two samples are taken. 

One is reference sample X that is not treated further. 
The other sample Y is pre-oxidised in an electric heated 
oven at 700°C for 30 minutes. 

15 Both the reference sample X and the pre-oxidised 

sample Y are exposed to a temperature of 110 0°C under 
conditions simulating those in a fire door (ie., a closed 
environment) according to ISO 834/DIN 4102 Teil 8. 

After 90 minutes of testing, the pre-oxidised sample 

20 Y is brittle but does not significantly shrink and complies 
with EN 13501/2. The (average) temperature on the 
unexposed surface of the pre-oxidised sample Y after 90 
minutes of testing is 311°C. However when the reference 
sample X is subjected to the same conditions it shrinks and 

25 sinters significantly. The temperature on the unexposed 
surface of the untreated sample is 398°C after 90 minutes 
of testing. 

In other examples we show the effect of heating for 90 
minutes in an oxidising atmosphere at 600°C, 680°C or 760°C 

30 fibres having an analysis by weight of oxides, namely Si0 2 
45.8%, A1 2 0 3 14.9%, Ti0 2 1.6%, FeO 7.6%, CaO 14.3%, MgO 
10.9%, Na 2 0 2.0%, K 2 0 1.0% and P 2 0 5 0.4%. 

The SNMS depth profiles of each of the samples were 
determined for the outer 0.7jum of each sample in respect of 

35 Mg, Ca, Fe, Na, Al , Si and K by conventional techniques. 
The results show that the amount of Mg in the outermost 
O.ljum is significantly increased (relative to the normal 
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concentration, ie. the overall analysis of the fibre) in 
each of the tests relative to the starting fibre ST1 . They 
also show that the amount of calcium in the outermost 0 . Ifim 
is considerably increased for the 600°C and 680°C tests, 
5 but there is a lesser increase in this experiment for ST4, 
at the higher temperature of 760°C. 

The fibres may be made by conventional spinning 
methods, such as a cascade spinner method or a spinning cup 
method. 

10 For further details, reference should be made to 

international publication WO 2004/110945. 

We refer below to the fibres defined in that 
application and/or as made by the methods described in that 
application as "the defined shell-core fibres". The 

15 present invention relates to novel applications and uses of 
the defined shell-core fibres. The invention also relates 
to novel methods of production of products containing the 
defined shell -core fibres. 

In a first aspect of the invention, we provide a 

20 method of making a mineral fibre batt comprising shell -core 
fibres and other fibres by fiberising a melt to form a 
cloud of said other fibres and collecting said other fibres 
as a web by air- laying and forming the air- laid web into a 
batt, wherein the shell-core fibres are formed of a 

25 silicate network and comprise silicon, calcium, magnesium, 
iron, aluminium, oxygen and optionally alkali metal atoms 
and have an analysis expressed as percent by weight oxides 
including at least 3% FeO and 0 to 8% alkali metal oxide 
and at least 5% MgO and at least 70% of the iron in the 

30 shell-core fibres is ferric and the fibres have a core 
surrounded by an outer surface layer less than 1 micron 
thick in which the peak concentration of magnesium atoms is 
at least 1.5 times the concentration of magnesium atoms in 
the total fibre, and in the method shell-core fibres are 

35 included in the batt by mixing the shell-core fibres with 
the other fibres after formation of the other fibres but 
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before completion of formation of the air laid web into a 
batt . 

By means of this method it is possible to obtain the 
beneficial properties of the shell-core fibres described in 
5 WO 2004/110945 without the necessity to subject the formed 
batt to heat treatment. It is possible to provide shell- 
core fibres by treatment of fibres alone or of tufts of 
fibres, which can be more technically convenient than 
treatment of an entire batt, and these fibres or tufts can 
be incorporated into the final batt . 

This method can lead to the production of novel 
products, such as that defined in the second aspect of the 
invention, which is a heat insulation or fire protection 
product comprising the shell-core fibres heterogeneously 
distributed with other mineral fibres within a batt having 
a density of 10 to 3 00 kg/m 3 , optionally sandwiched between 
foils and/or structural sheets. 

The product of the method may also be a product of the 
type generally described in WO 2004/110945 as having shell- 
core fibres homogeneously distributed within a batt of 
other fibres, especially where those other fibres have 
essentially the same total overall composition as the 
shell -core fibres. 

The density of the batt made in the method of the 
invention is usually in the range 30 to 300 kg/m 3 , more 
commonly 30 to 180 kg/m 3 . The batt is usually made by 
collecting the fibres by air-laying, optionally cross- 
lapping the collected web and then consolidating the 
product to the desired density. 

The other mineral fibres may be of a similar chemical 
analysis to the defined shell-core fibres or may be 
different. When the defined shell-core fibres are of rock, 
stone or slag, the other mineral fibres are usually also of 
rock, stone or slag. 

Generally the shell -core fibres are formed of a 
silicate network and comprise silicon, calcium, magnesium, 
iron, aluminium, oxygen and optionally alkali metal, as is 
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conventional for rock, stone and slag fibres. Accordingly, 
the amount of iron is usually at least 3% FeO, the amount 
of alkali is relatively low, usually not more than 8% 
alkali metal oxides, and the amount of magnesium is 
5 relatively high, usually at least 5% MgO . 

The other fibres preferably have these properties also 
and more preferably have the same overall composition as 
the shell-core fibres, although of course the shell-core 
fibres have a different distribution of the atoms, in 
10 particular magnesium. 

In the shell -core fibres at least 70% of the iron is 
present as ferric iron and the fibres have a core which is 
surrounded by an outer surface layer less than 1 micron 
thick in which the peak concentration of magnesium atoms is 
15 at least 1.5 times the concentration of magnesium atoms in 
the total fibres. 

Preferably the other fibres contain at least 2% 
ferrous iron as FeO and have a total iron content of at 
least 3%. 

20 In the shell -core fibres, the enriched outer layer of 

the fibre may comprise magnesium, and usually also calcium, 
predominantly in the form of simple or complex oxides. The 
enrichment may comprise small crystals which may be so 
small they can be termed nano-crystals . It may be more 

25 accurate to refer to them as nucleation sites. The 
crystals or sites are believed to be of calcium and/or 
magnesium oxides and/or calcium magnesium silicates 
(optionally also including other atoms such as iron and 
aluminium) , and in particular comprise small crystals or 

30 sites of diopside and/or augite and/or spinel. 

Preferably the peak concentration of each of calcium 
and magnesium in the outer layer is at least 1.5, 2, 3 or 
4 times, and may be as much as 5 times or even up to 6 or 
7 times or more, the concentration in the total fibre. In 

35 particular, although good results are obtained with calcium 
concentrations which are, for instance, 1.2, 2 to 4 times 
the concentration in the remainder of the fibre, it seems 
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desirable for the magnesium enrichment to be particularly 
high, for instance being 3 to 6 times the magnesium 
concentration in the total fibre. 

By saying that the peak concentration of magnesium 
5 atom in the layer is at least 1.5 times the concentration 
in the total fibre we mean that, when the fibre is 
subjected to SNMS (Scanning Neutron Mass Spectrometry) 
depth profile analysis and the concentration of magnesium 
atoms is plotted from the outermost surface inwards (as 

10 shown in Figure 1) , the peak concentrations of magnesium 
atoms which are observed in the outer layer are at least 
1.5 times the substantially uniform normal concentration of 
magnesium atoms that will be observed throughout the 
remainder of the fibre. This substantially uniform 

15 concentration is substantially the chemical analysis of the 
total fibre. Similarly, all other references to 

concentrations of other elements in the surface layer 
relate to the concentrations shown by SNMS . 

The surface layer can be regarded as the layer over 

20 which the magnesium atom concentration (and usually also 
the calcium atom concentration) is measurably higher than 
the concentration in the total fibre and this surface layer 
is below 1/zm thick and is usually below 0.5^tm thick. Often 
the surface layer is 0.1 or 0.2 to 0 . 5/*m thick. The peak 

25 concentrations discussed above are usually in the outermost 
0.01, and often 0.05, fim of the fibre. Accordingly , the 
core (ie excluding the 0.5 or 1 jxm surface layer) will 
normally have a substantially uniform concentration of most 
or all of the elements in the fibre, and the highest 

30 concentrations of calcium and magnesium atoms are in the 
outermost 0.05//mor 0.1//m, with transitional concentrations 
in the intermediate region between the peak concentration 
and the core inwards of 0.05 or O.ljLtm. 

Iron atoms also may be present in the outer surface 

35 layer in an amount greater than the amount in the remainder 
of the fibre, for instance in an amount of 1.1 or 1.2 up to 
2 or more times the amount of iron in the remainder of the 
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fibre. This occurs especially when the amount of calcium 
is less than 2 times the . calcium concentration in the 
remainder of the fibre, for instance when there is little 
or no calcium enrichment of the surface layer. 
5 However, the predominant characteristic of the iron in 

the shell-fibres fibre is that it must be substantially 
ferric and thus at least 70% of the iron in the fibre must 
be ferric and usually at least 80, 90 or, preferably, at 
least 95% of the iron is ferric. It seems that ideally 

10 substantially 100% of the iron would be ferric. These 
percentages are based on the weight of iron. 

The shell -core fibres and the other fibres, 
independently, preferably have the following features of 
the chemical analysis of the fibres. The chemical analysis 

15 refers to the analysis of the total fibre. 

Expressed by weight of oxides, such fibres preferably 
contain at least 2%, and generally at least 3%, 4% or 5% or 
more ferrous iron and may contain as much as 10, 12 or even 
15% ferrous iron (all expressed as FeO) . The total iron 

20 content of the fibres is usually at least 3%, most usually 
5 to 10% but can be up to 12 or 15% (all expressed as FeO) . 
In the other fibres and those used to produce the shell - 
core fibres, initially some of the iron may be ferric, but 
the iron is mainly (at least 50% and often at least 70%) 

25 ferrous when the fibres are made under a reducing 
environment, such as in a cupola furnace. 

As regards the other elements, expressed by weight of 
oxides, the amount of silicon is usually 35 to 55%, often 
38 to 50% (i.e., weight percent Si0 2 based on total 

30 oxides) . The amount of calcium is usually at least 8%, 
often 10 to 20% or more, e.g., up to 30 or 35% (by weight 
CaO) . The amount of magnesium is usually at least 5%, 
often 8 to 15% or more, for instance up to 20 or 25% (by 
weight MgO) . The fibres may be free of alkali but 

35 generally contain alkali (by weight Na 2 0 + K 2 0) in amounts 
of from zero to 8%, usually 1 to 4% or 5%. 
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The amount of aluminium (as Al 2 0 3 ) is usually 1 to 25%. 
If it is required that the fibres should be soluble at 
around pH 7 . 5 the amount of aluminium is usually from 1 to 
10%, usually 1 to 5% (by weight Al 2 0 3 ) but otherwise the 
5 amount of aluminium is usually 10 to 25 or 30%. Amounts of 
aluminium of at least 13%, and preferably at least 16%, are 
especially preferred when it is required that the fibres 
should be soluble at pH 4.5 and typical amounts are 16 to 
22%. 

10 When the fibres are required to have ceramic 

properties and to have particularly high heat resistance, 
the fibres may have a high content of Al 2 0 3 , of above 25 or 
30%, e.g., up to 35%, 40%, or higher. 

In the method the other fibres are formed by 

15 fiberising a mineral melt, generally by centrifugal 
f iberisation. Conventional methods of fibre formation may 
be used, for instance using a spinning cup or a cascade 
spinner process. 

The melt is fiberised to form a cloud of fibres. 

20 The fibres are usually entrained in a stream of air 

close to the fiberising apparatus, in order to carry them 
away from that apparatus. Usually the air flows or other 
conditions to which the fibres are exposed between initial 
f iberisation and collection as a web are all relatively low 

25 temperature conditions, as is conventional. 

The fibres are collected as a web, usually in the 
presence of a bonding agent to facilitate handling of the 
collected product and/or to suppress dust and/or as a 
lubricant. 

30 Subsequent to collecting the fibres as a air- laid web, 

the web is formed into the final batt . This may involve 
cross-lapping of the air-laid web to form a secondary web 
and/or compression of the air- laid web or secondary web to 
consolidate it into a batt. 

35 As mentioned above, the air-laid fibres are generally 

collected in the presence of a bonding agent and the batt 
is generally subjected to high temperature to effect curing 
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of the binder, in a conventional manner, usually by passing 
. it, before or after any compression, through a curing oven. 
In the method of the first aspect of the invention, 
shell-core fibres are mixed with the other fibres before 
5 completion of formation of the final batt . Usually the 
shell -core fibres are mixed with the other fibres before 
any compression and before any curing of binder. 

The shell -core fibres can be mixed with the other 
fibres after formation of the air-laid web, for instance by 
10 including them on the surface of the air-laid web, in 
particular during the cross-lapping process. 

This can be done by any known method of including 
solid additives on the surface of an air-laid web. 
Examples of suitable processes are disclosed in, for 
15 instance,. WO 99/51536. 

However, it is preferred to mix the shell -core fibres 
with the other fibres before they are collected as an air- 
laid web, namely by including the shell-core fibres in the 
cloud of fibres in the spinning chamber where fiberisation 
20 of the melt takes place. 

This can be done by known methods of mixing solid 
additives into a cloud of fibres which are to form an air- 
laid web. Generally the shell-core fibres are injected 
into the cloud of other fibres. They can be in the form of 
25 a slurry but are generally added as dry fibres. 

Preferably they are injected close to the point at 
which the other fibres are formed. However, it is also 
possible to inject them at a point close to where the other 
fibres are collected. Injecting close to the point of 
30 formation of the other fibres assists in providing a 
homogeneous distribution of the shell -core fibres in the 
other fibres. 

The shell -core fibres may be added in the form of 
substantially individual fibres. That is, they are not in 
35 the form of tufts of many fibres bonded together and any 
bundles of fibres have size not more than 1 mm, generally 
not more than 0.5 mm (size being the maximum dimension). 
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Inclusion of the shell-core fibres as substantially 
individual fibres is particularly useful when a homogeneous 
distribution of shell-core fibres throughout the other 
fibres is required. 
5 Alternatively, the method may be devised so as to 

produce a heterogeneous distribution of the shell -core 
fibres within the other fibres. This results in a novel 
product of the second aspect of the invention and this is 
discussed further below. 

10 In the method of the first aspect of the invention the 

shell-core fibres are ■ preferably produced from waste 
mineral fibres which have been subjected to a defined heat 
treatment stage. That is, the shell -core fibres have been 
produced by treating mineral fibres formed of a silicate 

15 network wherein the waste fibres comprise silicon, calcium, 
magnesium, iron, aluminium, oxygen and optionally alkali 
metal atoms and have an analysis expressed by weight oxides 
including iron in an amount of at least 3% measured as FeO 
and in which there is at least 2% iron (measured as FeO) 

20 present as ferrous iron, 0 to 8% alkali metal oxide and at 
least 5% MgO, the treatment comprising exposing the fibres 
containing at least 2% ferrous iron under oxidising 
conditions to a controlled increased temperature which is 
above the temperature at which oxidation of the iron in the 

25 fibres occurs but which is below the temperature at which 
substantial network crystallisation occurs and thereby 
oxidising the ferrous iron to provide fibres in which at 
least 70% of the total iron is ferric, and which are the 
shell -core fibres for use in the invention. 

30 Preferably, where the waste fibres treated have a 

glass transition temperature Tg and a crystallisation 
temperature Tc, the temperature to which the fibres are 
exposed under oxidisation conditions is at least Tg - 50°C 
and is preferably at least Tg. Preferably it is below Tc . 

35 . Preferably it is also not more than Tg + 100°C. 

Preferably the controlled increased temperature is 
increased during the heat treatment process . Preferably 
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the rate of increase of the temperature to which the fibres 
are subjected at temperatures above. Tg - 2 0°C is less than 
2 0°C per minute. 

It is preferred that the waste fibres are recycled 
5 fibres, namely fibres taken from the same production 
environment which is producing the other fibres. For 
instance they may be fibres taken from the same line into 
which they are then recycled. Alternatively, they may be 
taken from a different line in the same production 
facility. 

Generally the recycled fibres are produced within one 
week, usually within one day, of their recycling into the 
method of the invention. 

This provides a particularly technically convenient 
method of producing products which contain a blend of 
shell -core fibres and other fibres and hence have the 
desirable properties described in WO 2004/110945. 

The recycled fibres can for instance be edge trim or 
batts which are not otherwise to be used. 

In the case of edge trim the product can be subjected 
to heat treatment without any further pre-treatment but 
preferably the waste fibres are subjected to granulation 
before heat treatment. We believe this renders the heat 
treatment process more effective across all of the fibres 
subjected to heat treatment. 

The heat treatment can be carried out by any heating 
means as described in WO 2004/110945. 

Generally the heat treatment under oxidising 
conditions is conducted for at least 2 minutes, usually 
more than 10 minutes, e.g. 30 to 100 minutes. 

Throughout the range at which oxidation is occurring, 
it is often desirable that the temperature should be 
increased in a controlled manner rather than in a random or 
sudden manner. It may be satisfactory to introduce fibres 
into an oven at the desired temperature but often it is 
desirable for the oven temperature to be increased in a 
controlled manner over a range starting at a temperature 
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which may be as low as 100°C or 50°C below Tg, and is 
preferably at least 20°C below Tg and which extends up to 
a temperature of, for instance, at least 3 0°C and 
preferably at least 50°C and often up to 100°C above Tg, 
5 although preferably the maximum temperature is always below 
Tc . If a constant temperature is used it is preferably not 
too high, for instance it is preferably below Tg + 100°C, 
and often below Tg + 50°C. 

The controlled increase is preferably performed so 
10 that the temperature of the fibres increases by a rate of 
not more than 3 0°C per minute and preferably less than 2 0°C 
per minute, most preferably 2 to 10°C per minute, e.g., 5°C 
per minute. 

The heat treatment is preferably carried out at a 

15 temperature of from 600 to 900°C. 

The heating means may be coupled to any heating means 
on the production line, such as the curing oven or, where 
a cupola furnace is used, the cupola or the after-burner 
for exhaust gas. Preferably however the heating means is 

20 a separate unit. 

As an example, in one system for use in the invention, 
the waste fibre obtained from edge trim is broken down into 
a granulate which is more convenient to handle than larger 
pieces of waste fibre material. The granulate is then fed 

25 to a heating chamber that is heated by a gas burner. In 
the heating chamber the granulate is converted to shell - 
core fibres. The heated and converted granulate is led to 
a cyclone that separates hot air from the granulate. The 
hot air from the cyclone is recycled to a pre-heater in 

30 order to pre-heat the ambient air fed to the burner. The 
ambient air is fed into the heat exchanger via a pump. 

Subsequent to the formation of the shell-core fibres 
from the waste fibres the shell -core fibres can be 
transferred directly to the production process and mixed 

35 with the other fibres but preferably are collected in a 
storage container such as a hopper, from where they can 
then be fed back into the production process. This is 
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preferred as providing greater control over the amount of 
shell-core fibres added into the production process. 

When the shell-core fibres are fed into the spinning 
chamber they may be introduced in such a way that they are 
5 homogeneously mixed with the other fibres. Alternatively 
they can be introduced into the cloud of fibres in such a 
way that the final product has a layered structure with one 
or more layers containing predominantly shell-core fibres 
and one or more layers containing predominantly other 

10 fibres. This can be done by controlling where the shell- 
core fibres are blown into the spinning chamber and the 
cloud of fibres. 

Where the shell-core fibres are formed from waste 
fibres from the production process producing the mineral 

15 fibre batt, the recycling is preferably a continuous 
process where the waste fibre material is continuously led 
to heating means to undergo heat treatment. 

The proportions typically utilise 10 to 90%, often 20 
to 70%, of the defined shell-core fibres with the balance 

20 being the other fibres. 

An advantage of the process of the invention is that 
it provides a technically convenient means of controlling 
to a precise level the proportions of shell -core fibres 
relative to other fibres. 

25 As mentioned above, when the distribution of shell- 

core fibres within the other fibres is heterogeneous, the 
product is a novel product. 

The heterogeneous distribution may exist as a result 
of the batt having been formed by collecting tufts of the 

30 defined shell core fibres in admixture with free fibres 
and/or tufts of the other mineral fibres or by collecting 
free fibres of the defined shell core fibres with tufts of 
the other fibres. 

A preferred method involves blowing tufts of the 

35 defined shell core fibres into a cloud of the other fibres 
as they travel from a spinner by which they are formed 
towards a collector on which the mixture is collected. The 
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tufts should be blown into the cloud as close as possible 
to the spinner in order, to achieve a good mixture thereof . 

The tufts of the defined shell core fibres may be 
obtained by comminution of a web or batt of the fibres 
5 after the heat treatment which provides the shell core 
configuration. The tufts of either or both types of fibres 
may, before being collected, have been bonded, for instance 
as a result of comminuting a prebonded web into tufts, or 
the tufts may be unbonded when they are first collected. 

10 By referring to tufts we mean fibre bundles having a 

sufficiently large size that their presence can be 
determined by observation of the final product. Typically 
a substantial proportion of the tufts have a size of at 
least 3mm, and often at least 5, 10 or 20mm. Thus the 

15 heterogeneous product is a distribution of these relatively 
large tufts of one of the types of fibres with free fibres 
or tufts of the other fibre. 

Irrespective of whether the tufts were bonded before 
collection into the batt, the collected tufts may contain, 

20 or have applied to them, uncured bonding agent and the batt 
may be subjected to subsequent curing so as to bond the 
tufts to one another and to any free fibres. 

Another product having the heterogeneous distribution 
is one in which there is at least one layer of the defined 

25 shell-core fibres and at least one layer of the other 
mineral fibres within the batt, i.e., in between any 
sandwiching high density wool or other structural sheets 
which sandwich the sides of the batt . 

The layers may extend substantially in the plane of 

30 the batt, in which event there are preferably at least two 
layers of the defined shell-core fibres separated by a 
layer of the other mineral fibres . Often there are more 
than two layers of the defined shell-core fibres and so the 
batt may comprise alternating layers of the defined shell - 

35 core fibres with layers of the other fibres. 

It is explained in WO 2004/110945 that an advantage of 
the defined shell -core fibres is that they have improved 
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resistance to shrinkage or sintering, especially under 
conditions where there ._is restricted access of air (as 
applies in normal fire protection and heat insulation 
products that are sandwiched between structural sheets or 
5 are otherwise in a confined space) . The various 
heterogeneous products described above all have the 
advantage that the defined shell-core fibres will resist 
sintering or shrinkage even when the other mineral fibres 
do undergo sintering or shrinkage . Accordingly the 

10 heterogeneous distribution of the defined shell-core fibres 
is able to provide a matrix of the defined shell -core 
fibres within the overall product so as to maintain heat 
insulation and fire protection properties even after 
sintering or shrinkage of the other mineral fibres has 

15 initiated. 

Particular problems arise where conventional batts are 
joined to one another, either as panels or as batts fitted 
into closed spaces, because shrinkage of the batts tends to 
occur at elevated temperatures and the batts are made 

20 wholly of conventional fibres. This shrinkage can result 
in gaps forming between adjacent batts, and this is clearly 
undesirable. Appropriate arrangement of the layers of 
defined shell-core fibres can minimise or eliminate that 
problem. 

25 For instance, if the heterogeneous distribution 

involves at least one layer of the shell -core fibres 
extending over the entire area of the batt, usually over 
the entire area of either or both of the outer faces of the 
batt, this or each layer will tend to maintain the area 

30 dimensions of the batt even when the conventional fibres 
are tending to undergo shrinkage . 

Instead of or in addition to this, if there is at 
least one layer of the defined shell -core fibres extending 
in the thickness dimension of the batt, this will tend to 

35 maintain the thickness dimension. It is particularly 
valuable to provide a layer of the defined shell -core 
fibres extending throughout the thickness direction around 
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some or all of the four edges of the batt, i.e, around the 
rim. of .the batt. This again. .tends to prevent the risk of 
shrinkage and the formation of gaps between batts. 

For instance, a preferred product has its periphery 
5 defined wholly or mainly by a layer of the defined shell 
core fibres which extends through the thickness of the batt 
and the remainder of the batt may have a heterogeneous 
tufted or layered distribution of both types of fibre, as 
discussed above. 

10 Conventional bonded batts of conventional fibres 

include bonding agent which is preferably a heat -curable 
organic bonding agent an.d this contributes to the ignition 
loss of the product. Typically the amount of organic 
bonding agent in conventional heat insulating and fire 

15 protection mineral fibre batts has to be kept at well below 
1 or 1.2% (calculated as ignition loss) in order to 
minimise the exotherm (and the potential risk of shrinkage 
and sintering) that will occur when the batt is exposed to 
sufficiently high temperatures. Often endothermic material 

20 is included in the batt to absorb some of the exotherm. 

A technical problem that arises from the need to 
minimise the amount of organic binder is that the batt is 
not as strong as would be desirable from the point of view 
of handling it during manufacture, transport and 

25 installation, and permanently installing it in its desired 
position. This problem is minimised when the batt is 
encased between structural sheets as, for instance, fire 
boards, but is a major problem when the batt is not 
provided with structural sheets on each face and is being 

30 installed in confined spaces such as in floors, ceilings or 
walls or in chimneys or around ovens. 

According to a third aspect of the invention we 
provide heat insulating fire protection products which 
comprise a bonded batt of mineral fibres comprising the 

35 defined shell-core fibres and wherein the batt contains 
combustible binder providing the batt with an ignition loss 
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of above 1.2%, generally above for instance up to 2% or 
2.5, or even 3% . 

These products have a reduced risk of collapsing and 
can be made without the necessity to include any 
5 endothermic material and, as a result of the increased 
amount of organic binder, are much easier to handle, 
transport and install. Extra strength means that they can 
be fixed in position more easily, with reduced risk of 
falling away from the surfaces to which they are fixed. 

10 The batts containing these increased amounts of binder 

can be formed solely of the defined shell-core fibres, or 
of mixtures with other mineral fibres, for instance 
heterogeneous layered or tufted mixtures as described 
above, or homogeneous mixtures. 

15 A further aspect of the invention includes the use of 

all products described and defined in WO 2004/110945 and/or 
made by the method of the first aspect of the invention 
and/or the products defined in the second and third aspects 
of the invention in applications where the unique 

20 properties of the defined shell-core fibres makes their use 
of particular merit. 

'These uses include' applications where a low oxygen 
environment is likely to arise due to limited supply of 
oxygen, such as in chimneys, linings in furnaces, fire safe 

25 box, safe-deposit box, floating floors, panels, suspended 
ceilings with steel cassettes as well as sandwich panels, 
fire doors and in maritime fire insulation. The maritime 
uses may be vertical (ie bulkhead) or horizontal (ie deck) . 
Other uses include applications where the reduced risk 

30 of shrinking is particularly valuable, when the product 
must, in order to be used, be tested in a fire testing 
furnace. In a fire testing furnace the oxygen level is 
around 4 to 6% (normal 21%) . Combustion of binder and oil 
in a product will lower the oxygen level furthermore. Thus 

35 the invention provides uses in applications where the 
product must be tested in accordance with ISO 834 and/or 
according to the hydrocarbon time-temperature curve . Such 
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applications include maritime fire insulation tested 
according to IS0834 (the normal time -temperature curve in 
a fire test) and tested according to the hydrocarbon time- 
temperature curve and fire protection of steel 
5 construction. 

General insulation applications, such as pipe 
insulation, are also valuable. 
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CLAIMS : 

1. A method of making a mineral fibre batt comprising 
5 shell-core fibres and other fibres, the method comprising 

fiberising a melt to form a cloud of said other fibres, 
collecting said other fibres as a web by air-laying and 
forming the web into a batt , 

wherein the shell -core fibres are formed of a 
silicate network and comprise silicon, calcium, magnesium, 
iron, aluminium, oxygen and optionally alkali metal atoms 
and have an analysis expressed as percent by weight oxides 
including at least 3% FeO and 0 to 8% alkali metal oxide 
and at least 5% MgO, and in the shell -core fibres at least 
70% of the iron is ferric and the fibres have a core 
surrounded by an outer surface layer less than 1 micron 
thick in which the peak concentration of magnesium atoms 
is at least 1.5 times the concentration of magnesium atoms 
in the total fibre, 

characterised in that the method comprises including 
the shell-core fibres in the batt by mixing the shell-core 
fibres with the other fibres after formation of the other 
fibres but before completion of formation of the batt from 
the web. 

2 . A method according to claim 1 in which the other 
fibres are formed of a silicate network and comprise 
silicon, calcium, magnesium, iron, aluminium, oxygen and 
optionally alkali metal atoms and have an analysis 
expressed as percent by weight oxides including at least 
3% FeO and 0 to 8% alkali metal oxide and at least 5% MgO. 

3 . A method according to claim 2 in which the overall 
composition of the shell-core fibres is essentially the 
same as the overall composition of the other fibres. 
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4 . A method according to any preceding claim in which 
the mixing of the shell -core fibres with the other fibres 
is carried out so as to produce a substantially- 
homogeneous distribution of shell-core fibres throughout 

5 the batt. 

5. A method according to any of claims 1 to 3 in which 
the mixing of the shell-core fibres with the other fibres 
is carried out so as to produce a heterogeneous 

10 distribution of the shell-core fibres in the batt. 

6. A method according to any preceding claim in which 
the shell -core fibres are mixed with the other fibres by 
injecting the shell -core fibres into the cloud of other 

15 fibres before collection as a web. 

7. A method according to claim 6 in which the shell-core 
fibres are introduced as individual fibres. 

20 8. A method according to claim 6 in which the shell-core 
fibres are introduced as tufts. 

9. A method according to any of claims 1 to 5 in which 
the mixing of the shell -core fibres with the other fibres 

25 takes place after the collection of the other fibres as a 
web. 

10. A method according to any preceding claim in which 
the shell -core fibres are waste fibres from a process of 

30 producing fibres of essentially the same composition as 
the said other fibres and the waste fibres have been 
subject before the mixing step to a heat treatment 
comprising exposing the 'fibres under oxidising conditions 
to a controlled increased temperature which is above the 

35 temperature at which oxidation of the iron in the fibres 
occurs but which is below the temperature at which 
substantial network crystallisation occurs and thereby 
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oxidising the ferrous iron to provide fibres in which at 
least 70% of the total iron is ferric. 

11. A method according to claim 10 in which the waste 
5 fibres are recycled fibres taken from the same production 
line as that producing the batt and/or from a different 
production line producing other batts in the same 
facility. 

10 12 . A method according to claim 10 or claim 11 in which 
the waste fibres are subjected to granulation before heat 
treatment . 

13. Heat insulation or fire protection product comprising 
15 shell-core fibres as defined in claim 1 heterogeneously 
distributed with other mineral fibres within a batt having 
a density of 10 to 300kg/m 3 , optionally sandwiched between 
foils and/or structural sheets. 

20 14 . A product according to claim 13 comprising tufts of 
the shell-core fibres in admixture with tufts or fibres of 
the other mineral fibres. 

15. A product according to claim 13 comprising at least 
25 one layer of the shell -core fibres and at least one layer 

of the other mineral fibres. 

16. A product according to claim 13 in the form of a 
panel comprising a layer of the shell -core fibres 

30 extending substantially entirely over at least one of the 
outer faces of the batt. 

17. A product according to claim 13 comprising at least 
one layer of the shell-core fibres extending in the 

35 thickness dimension of the batt. 
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18. A product according to claim 17 in which there is a 
layer of the shell -core fibres extending throughout the 
thickness direction of the batt around some or all of the 
edges of the batt. 

5 

19. A heat insulation or fire protection product 
comprising a bonded batt comprising shell -core fibres as 
defined in claim 1 and binder in an amount providing an 
ignition loss of at least 1.2%. 

10 

20. Use of a product of the method of any of claims 1 to 
12 or the product of any of claims 13 to 19 as heat 
insulation or fire protection material in an application 
where a low oxygen environment is likely to arise. 

15 

21. Use according to claim 20 wherein the product is used 
in a chimney, as a lining in a furnace, in a fire safe 
box, in a safe-deposit box, in an floating floor, in a 
panel, in a suspended ceiling with steel cassettes, in a 

20 sandwich panel, in a fire door or as maritime fire 
insulation. 

22 . Use of a product of the method of any of claims 1 to 
12 or a product of any of claims 13 to 19 in an 

25 application which must be tested in a fire testing 
furnace . 
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